Nature of Particular Structure Position of the Antarctica by Pavlenkova, N.I.
NATURE OF PARTICULAR STRUCTURE POSITION OF THE ANTARCTICA 
N.I. Pavlenkova
 
Institute of Physics of the Earth RAS, Moscow, 123995, B.Grusinskaja 10, Russia, ninapav@ifz.ru
Summary. Two specific structural features are typical for the Antarctica continent. These are its position in the 
South Pole area with strong symmetry relatively the Arctic Ocean, and a system of the oceanic ridges forming a 
ring around Antarctica with regular sprigs of mid-oceanic ridges. The origin of these regular structures is difficult 
to conform to chaotic movement of the lithosphere plates but it may be explained by the fluids-rotation 
conception proposed by the author. The conception supposes two main energy sources of the global tectonics:  the 
degasification of the Earth (the fluids advection) and changes in the Earth rotation. Three basic stages of the 
tectonosphere formation are distinguished by the conception. Judging by the paleomagnetic data in Archean-
Proterozoi several blocks of thick continental lithosphere were formed in the southern hemisphere. Geochemical 
studies show that the continental lithosphere was formed in from the mantle matter with large contents of fluids 
and it means that the intensive deep fluid flow has been at that time in the southern hemisphere. The formation of 
the thick lithosphere has led to asymmetry of a planet and to the relative displacement of the mass centers of the 
Earth's spheres.  That resulted in turning of the mantle around the core in Paleozoic with movement of the 
continental hemisphere to the north. Rotation of the mantle around the core created a new no equilibrium system. 
Therefore in Mesozoic era an expansion of the southern hemisphere began. Such expansion created the regular 
system of the mid-oceanic ridges forming a ring around Antarctica. Supposedly at the last stage the formation of 
the Antarctica continent on South Pole and destruction of a continental crust on the northern hemisphere 
(formation of the Arctic Ocean) took place to mount on the mass center balance.
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Ðåôåðàò. Äâå ñïåöèôè÷åñêèå ñòðóêòóðíûå îñîáåííîñòè õàðàêòåðíû äëÿ êîíòèíåíòà Àíòàðêòèäà. Ýòî – 
åãî ïîëîæåíèå íà Þæíîì ïîëþñå, ñòðîãî ñèììåòðè÷íîå îòíîñèòåëüíî Àðêòè÷åñêîãî îêåàíà, è íàëè÷èå 
îêðóæàþùåãî êîíòèíåíò êîëüöà îêåàíè÷åñêèõ ðèôòîâ ñ îòâåòâëÿþùèìèñÿ îò íåãî ñðåäèííî-
îêåàíè÷åñêèìè õðåáòàìè. Ôîðìèðîâàíèå ýòèõ ðåãóëÿðíûõ ñòðóêòóðíûõ îñîáåííîñòåé òðóäíî 
ñîãëàñîâàòü ñ õàîòè÷íûì äâèæåíèåì ëèòîñôåðíûõ ïëèò, íî äîñòàòî÷íî ñòðîãî ìîæåò áûòü îïèñàíî ñ 
ïîçèöèé ïðåäëîæåííîé àâòîðîì ðîòàöèîííî-ôëþèäíîé êîíöåïöèè. Ïî ýòîé êîíöåïöèè ñóùåñòâóþò äâà 
ãëàâíûõ èñòî÷íèêà ýíåðãèè ãëîáàëüíîé ãåîäèíàìèêè: äåãàçàöèÿ Çåìëè (ôëþèäíàÿ àäâåêöèÿ) è 
èçìåíåíèÿ â õàðàêòåðå âðàùåíèÿ Çåìëè. Âûäåëÿþòñÿ òðè îñíîâíûå ñòàäèè ðàçâèòèÿ òåêòîíîñôåðû. Â 
àðõåå è ïðîòåðîçîå íåñêîëüêî êðóïíûõ êîíòèíåíòîâ ñôîðìèðîâàëîñü ïî ïàëåîìàãíèòíûì äàííûì â 
Þæíîì ïîëóøàðèè. Ïî ãåîõèìè÷åñêèõ äàííûì èçâåñòíî, ÷òî ôîðìèðîâàíèå êîíòèíåíòàëüíîé 
ëèòîñôåðû ïðîèñõîäèò èç ìàíòèéíîãî âåùåñòâà, íàñûùåííîãî ôëþèäàìè, ñëåäîâàòåëüíî, â ýòî âðåìÿ 
ìàêñèìàëüíûé ïîòîê ãëóáèííûõ ôëþèäîâ áûë â Þæíîì ïîëóøàðèè. Îáðàçîâàíèå ìîùíîé 
êîíòèíåíòàëüíîé ëèòîñôåðû äîëæíî áûëî ïðèâåñòè ê àñèììåòðèè ïëàíåòû è ê îòíîñèòåëüíîìó 
ñìåùåíèþ öåíòðîâ ìàññ çåìíûõ ñôåð. Äëÿ âîññòàíîâëåíèÿ ðàâíîâåñèÿ â ïàëåîçîå íà÷àëîñü âðàùåíèå 
ìàíòèè âîêðóã ÿäðà è ïåðåìåùåíèå êîíòèíåíòàëüíûõ ìàññ íà ñåâåð. Íî ýòî ïåðåìåùåíèå ñîçäàëî íîâóþ 
íåðàâíîâåñíóþ ñèñòåìó. Â ðåçóëüòàòå â ìåçîçîå íà÷àëîñü ðàñøèðåíèå Þæíîãî ïîëóøàðèÿ. Ýòî 
ðàñøèðåíèå ïðèâåëî ê ôîðìèðîâàíèþ ðåãóëÿðíîé ñèñòåìû ñðåäèííî-îêåàíè÷åñêèõ õðåáòîâ, 
îáðàçóþùèõ êîëüöî âîêðóã Àíòàðêòèäû. Íà ïîñëåäíåé ñòàäèè ðàçâèòèÿ âîññòàíîâëåíèå áàëàíñà ìàññ 
îñóùåñòâëÿåòñÿ çà ñ÷åò ðîñòà êîíòèíåíòà Àíòàðêòèäû â þæíîì ïîëóøàðèè è ðàçðóøåíèÿ çåìíîé êîðû 
Àðêòèêè.
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1. Introduction
The brightest distinctive feature of Antarctica is its position on the South Pole, strictly 
symmetric relatively to the Arctic region. The Arctic Ocean and the Antarctic continent are 
surprisingly similar both in size, and on general outlines, but are opposite in relief form and in earth's 
crust structure. The crust of Antarctica is more than 30 km thickness and has a thick (up to 10 km) 
granite-gneissic layer with the average seismic velocity of about 6.0 km/s. The earth's crust in oceanic 
basins of the Arctic regions is thin (about 5-10 km) and it has a high seismic velocity (6.5 km/s). As 
well as the other continents, the Antarctica is characterized by a thick lithosphere which is marked by 
the positive anomaly of seismic velocities (Fig. 1). This anomaly reaches the depth of 250 km. In the 
Arctic region, as well as under the other oceans, the negative anomaly is observed in seismic 
tomography sections. 
Another distinctive feature of the Antarctica is the oceanic rift ring surrounding the continent, 
îwith the mid-oceanic ridges branching along meridians with approximately identical distance of 90  
between them (Fig. 2). Three of these rift zones are traced in the southern hemisphere as the mid-
oceanic ridges and traced further in the continental areas up to the Arctic regions, as tectonic active 
îzones. The fourth zone spreads on the meridian 155  from the western margins of the Australian shelf 
and Philippine Sea up to the Sakhalin Island. Now these zones are defined as a zone of active hydrogen 
degassing (Sivorotkin, 2002).
A prominent feature of the Antarctic rift ring is the absence of the corresponding subduction 
zones: all surrounding continents have passive margins (Fig. 2).
All this allows to assume, that the marked structural regularity was created during the general 
development of the Earth as a planet. It shows that there was no large chaotic moving of separate parts 
of the tectonosphere relative to each other. It means that the formation of modern structure of the 
southern hemisphere cannot be explained in terms of the plate tectonics. 
But it can be described from the point of view of the fluid-rotation concept (Pavlenkova, 2005).
2. The main principles of the fluid-rotation concept 
According the fluid-rotation concept the large structures of the Earth's upper spheres were 
formed during the planet development because its initial heterogeneity. While the core and certain 
spheres were formed, the Earth's radius was changing; at that time the global system of rift zones, 
including the Pacific ring, was framed.  
The basic sources of the global tectonic transformations according to this concept are 
degassing of the Earth (fluid advection) and changes in the rotation of the Earth or its spheres in system 
of the Earth-Moon-Sun. The essential role by degassing in global tectonics can be explained by the 
main feature that distinguished the Earth from other planets, that is the large contents of fluids, mainly 
hydrogen and helium, in its core (Larin, 1975; Gilat, Vol, 2005). No other kind of the Earth internal 
energy (convection, advection of deep matter and other) can be compared to fluid advection in the 
amount of transferable energy and in its rather small losses at long transportation. No other energy 
sources can provide such fast processes, as formation asthenolites, activization of the tectonic 
processes in local areas and in a short period of time, and seismic stratification  of continental 
lithosphere. It is a constantly allocated and almost unlimited energy possessing high concentration and 
the high velocity of realization. 
The Earth degassing has resulted not only in formation of the atmosphere and hydrosphere, the 
deep fluids also played an important role in the formation of the continental lithosphere. Continents 
and oceans differ essentially the lithosphere structure: in the oceans it is thin and low velocity, the 
continents have thick and high-velocity lithosphere (Fig. 1). On the data (Luts, 1980) the continental 
crust was formed from the mantle matter saturated with fluids, that is in the field of high intensive fluid 
flows.
N.I. Pavlenkova: NATURE OF PARTICULAR STRUCTURE POSITION OF THE ANTARCTICA 
109
Fig.2. Scheme of mid-oceanic ridges which form a regular ring around the Antarctica and has 
no corresponding subduction zones around the nearest continents (Storetvedt, 1997).
Fig.1. Tomographic cross-section of the upper mantle from the Arctic to the Antarctica. The 
section shows the seismic velocity deviation from the global model IASP91 in the percents. The 
earthquakes used for the section construction are shown by the points in the upper figure (Gossler, 
Kind, 1996). 
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The fluid flows also contribute essentially to the formation of the continental lithosphere. 
F.A.Letnikov (2000) has shown, that the long process of fluids carrying out should lead to the mantle 
matter changes and their crystallization. The longer this process proceeds, the thicker earth's crust and 
the whole lithosphere become. The further gradual cooling makes the crust more stable, promoting 
formation of the lithosphere less permeable in comparison with the oceanic areas. 
As a whole, formation of continents can be presented as follows. First the Earth was covered 
with a thick and low density crust similar to the Moon crust (Marakushev, 1999). Then in the areas of 
intensive fluid flow the nucleus of the future continents with sialic crust and thick lithosphere were 
formed. In the place of the modern oceans where the fluid flow was weak, the primary crust  kept its 
place and only separate blocks of the intermediate crust were formed. Its fragments are found now in 
all oceans. 
The further formation of a continental crust was due to two basic processes: the growth of the 
crustal  thickness and its granitisation. When the thickness reaches a certain level (now for platform 
areas it is 40-50 km), a plastic, low permeable layer is formed in its bottom. This layer prevents the 
crust from being destroyed by the mantle melts. The granitisation passes in conditions of the increased 
deep fluid flow which provide the additional energy necessary for the process.  This process is 
important for the formation of continents because granitisation raises the stability of the rocks 
relatively various geochemical influences and protects the continental crust from destruction. 
Another important feature of the tectonosphere structure is its regular spatial symmetry. The 
main law is the division of the Earth into two hemispheres with lowered surface (the Pacific Ocean) 
and with the higher relief (a continental hemisphere). This division into essentially different 
hemispheres is confirmed also by the data on different age, geological history and crustal structure in 
the Pacific in comparison with other oceans. It is not a casual feature of the Earth, the same structure is 
typical of the other planets, for example, the Moon and Mars, where the hemispheres with the 
prevailing raised and lowered relief are also allocated. All this indicates that there exist some general 
laws of the planet formation.
The formation in one hemisphere of large blocks of the continental lithosphere the thickness of 
which can reach 350 km, should lead to the infringement of the Earth's upper spheres balance. The 
balance restoration in the rotating Earth could occur by horizontal moving of the formed 
inhomogeneities. According to paleomagnetic data such moving really occurs. It is on this basis that 
the lithosphere plate tectonic was founded. But large and chaotic moving of the plates is difficult to 
bring into accordance with the regularity in the tectonosphere structure: its division into two 
hemispheres, symmetric system of mid-oceanic ridges and other. The large moving of the lithosphere 
plates will not be coordinated to the structure of the upper mantle. According to the seismological and 
seismic data (Dziewonski, Anderson, 1984; Gossler and Kind, 1996) under all continents the large 
seismic velocity anomalies covering the whole upper mantle are observed (Fig. 1). If the continents 
moved, they should have moved together with the upper mantle. 
According to the rotation-fluid concept the continental lithosphere moving occurs due to the 
displacement of the mantle around the core. The theoretical data on the opportunity of such 
movements are ambiguous. It is usually considered, that tidal forces, taking into account the 
tectonosphere isostasy, cannot cause such large scale moving. However, in J.N.Avsjuk's (1996) and 
J.V.Barkin's (2002) papers such opportunity is not excluded.  J.V.Barkin marked, that the centers of 
gravity masses of the Earth spheres are displaced relative to each other because of their heterogeneity 
and consequently possess at the significant dynamic compression. The Moon gravitational influence 
informs various acceleration to environments of the Earth, which results in an additional directed 
pressure between them. This pressure exceeds the tidal powers by three orders and can lead to the 
planetary reorganizations characterized with cyclicity, polarity, symmetry and inversion. In particular, 
it leads to the asymmetry of the Earth surface marked above. 
The rotation-fluid concept of global geodynamics makes it possible to explain the present 
formation of the modern Antarctic region structure.
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3. History of tectonosphere formation in the Antarctic region 
The most intensive mantle flow of fluids, that has created the largest volume of a continental 
crust, took place in the Proterozoic time (Lutz, 1980). During this period the areas of the increased 
fluid flow was, obviously, the southern hemisphere as according to the paleomagnetic data all 
continents were located at this time in this hemisphere. That is in the Proterozoic in the a southern 
hemisphere a large heterogeneity in the form of lithosphere more than 300 km thick was formed, while 
in the northern hemisphere the thin crust of oceanic type was kept.
In Paleozoic there was a change in the position of paleomagnetic poles along which all 
continents moved from the southern hemisphere to the northern one (Storetvedt, 1997). According to 
thr rotation-fluid concept this moving was a result of a turn of the upper mantle or, what is more 
probable, of the whole mantle around the core. Only such movements were capable not to break the 
regularity in the surface and deep structure described above.
Moving of the large heterogeneity of the upper mantle as the thick continental lithosphere from 
the southern hemisphere to the north, caused a new displacement of the mass centers of the Earth 
spheres, the mass deficiency was formed in the southern hemisphere. It led to the following important 
stage of the global geodynamics: to the expansion of the southern hemisphere and formation of the 
mid-oceanic ridge system which is symmetric relatively to the South Pole and does not have 
corresponding subduction zones on the continents surrounding Antarctica (Fig. 2). This process is in 
accordance with the geological data which show that the mid-oceanic ridges started to develop from 
the south and expanded then to the northern hemisphere. 
 The expansion of the southern hemisphere is still proceeding. It is established, that now it is a 
little bit expanded relatively the northern hemisphere (Barkin, 2002). The restoration of the mass 
balance is also carried out by various reorganizations of the tectonosphere. Such well defined 
asymmetry of the sites of the Earth raised in one hemisphere and lowered in the opposite one is 
characteristic of all large tectonic structures. It is possible to assume, what it is such an alignment that 
promotes the formation of Antarctic continent and the corresponding destruction of the continental 
crust of the Arctic region. The high degassing also proceeds in the southern hemisphere (Sivorotkin, 
2002).
4. Conclusion
Thus, three main stages may be defined in the development of the Antarctic tectonosphere 
structure. At the first stage, in the Proterozoic due to the intensive flow of deep fluids the continents 
with thick lithosphere were formed in the southern hemisphere. At the second stage, in the Paleozoic, 
most continents moved to the north and in the southern hemisphere there were only crustal fragments 
of the future Antarctica. In the Mesosoic time a new stage of development began - expansion of the 
southern hemisphere, formation of mid-oceanic ridges and the Antarctic continent.
An important advantage of such interpretation is the opportunity to explain many structural 
features of the Antarctic region and the history of its geological development on the basis of common 
sources. Each stage and reorganization follows directly from the previous stages: the formation of the 
continental heterogeneity in the southern hemisphere led the shift of this heterogeneity to the north, in 
turn this shift caused the expansion of the southern hemisphere, the formation of the global rift system 
and of the asymmetric Arctic and Antarctic regions.
Such interrelation explains the main structural feature of the Antarctic region: the presence of 
the ring of mid-oceanic ridges around the continent without the subduction zones corresponding to 
them. It contradicts to plate-tectonic conception of the global geodynamics. If the rift ring was formed 
only by spreading of the oceanic crust as it follows from the plate-tectonics, the Antarctica would be 
the area of all-round compression. But the subduction zones were not formed around it, and  also the 
continent contains more zones of expansion, than those of collision.
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